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OIL  AND  GAS  DEVELOPMENTS 
IN  PENNSYLVANIA  IN  1989 

by 

John  A.  Harper  and  Cheryl  L.  Cozart 


ABSTRACT 

Oil  production  in  Pennsylvania  totaled 
2,601,982  barrels  in  1989,  a 7.3  percent  de- 
crease from  1988  production.  Oil  reserves  de- 
creased 3.6  percent,  from  43,114,000  barrels 
in  1988  to  41,563,000  barrels  in  1989.  Leading 
counties  for  production  of  oil  were  Warren, 
Elk,  McKean,  and  Venango.  In  1989,  oil  pro- 
duction in  the  Bradford  field  accounted  for 
only  14  percent  of  the  state  total. 

Gas  production  increased  14.8  percent, 
from  167,089  million  cubic  feet  in  1988  to 
191,774  million  cubic  feet  in  1989.  Gas  re- 
serves continued  to  decline  slightly,  from 
1,970,309  million  cubic  feet  in  1988  to  1.968,420 
million  cubic  feet  in  1989.  Stored  recoverable 
gas  decreased  12.2  percent,  from  573,932  mil- 
lion cubic  feet  in  1988  to  503,974  million  cubic 
feet  in  1989. 

The  price  for  Penn  Grade  crude  oil  and  oil 
products  increased  significantly  to  $19.00  per 
barrel  by  the  end  of  1989,  averaging  $18.10  per 
barrel  for  the  year.  Most  new-gas  prices  were 
subject  to  Natural  Gas  Policy  Act  price  ceil- 
ings. The  well-head  price  of  1,000  cubic  feet 
of  natural  gas  ranged  from  a low  of  $0.25 
under  old  contracts  to  $6.80  for  “tight”  gas 
(NGPA  Section  107,  High-Cost  Gas).  The  aver- 
age price  for  gas  was  about  $2.40. 

The  total  number  of  wells  reported  drilled 
in  1989  was  1,527,  a 14  percent  decrease  from 
1988;  the  total  footage  drilled  decreased  by 
the  same  percentage  to  5,620,710  feet.  Only 
half  of  the  total  number  of  wells  reported  were 
actually  completed  in  1989.  The  total  number 
of  oil  wells  reported  was  329,  just  12  wells 
more  than  reported  in  1988.  The  most  active 
county  for  oil  well  drilling  was  again  Warren, 
accounting  for  67  percent  of  all  oil  wells 
drilled  in  the  state.  A total  of  1,055  gas  wells 
was  reported  in  1989,  a 19  percent  decrease 
from  1988.  The  most  active  counties  for  gas 
well  drilling  were  Warren,  Indiana,  Venango, 
Armstrong,  Crawford,  Erie,  Clearfield,  and 


Clinton,  accounting  for  75  percent  of  all  gas 
wells  drilled  in  the  state.  There  were  49  com- 
bination oil  and  gas  wells  reported  in  1989,  an 
increase  of  81  percent  over  1988.  Twenty-three 
of  these  wells  were  drilled  in  Mercer  County. 

Development  drilling  in  1989  decreased  13 
percent,  to  1,429  wells.  Exploratory  drilling  de- 
creased slightly,  from  69  wells  reported  in 

1988  to  68  wells  reported  in  1989.  The  success 
rate  for  development  drilling  remained  the 
same  at  97  percent.  The  success  rate  for  ex- 
ploratory drilling,  however,  increased  during 

1989  to  65  percent  due  to  a small  decrease  in 
unsuccessful  new  field  wildcats. 

Seismic  exploratory  activity  decreased  by 
50  percent,  from  9.0  crew-months  in  1988  to 
4.5  crew-months  in  1989.  Seismic  crews  oper- 
ated in  nine  counties  in  Pennsylvania  during 
the  year. 

Project  activity  within  the  Oil  and  Gas  Ge- 
ology Division  of  the  Pennsylvania  Geological 
Survey  in  1989  included  continued  updating 
of  the  oil  and  gas  base  map  series,  and  con- 
tinued work  on  projects  dealing  with  the  geo- 
chemistry of  petroleum  source  rocks  and  the 
feasibility  of  producing  coal-bed  methane. 


INTRODUCTION 

Nineteen  eighty-nine  was  a year  of  contrasts  in 
Pennsylvania.  Although  the  oil  and  gas  industry 
continued  the  decline  begun  in  the  mid-1980’s,  there 
were  some  bright  spots  that  suggest  the  possibility 
that  a turnaround  may  be  on  the  horizon.  For  ex- 
ample, although  drilling  for  natural  gas  was  down 
from  1988,  the  production  of  gas  from  all  wells  in- 
creased by  14.8  percent,  indicating  that  markets  are 
available  for  both  new  and  old  gas.  Increased  mar- 
keting should  have  an  impact  on  drilling  in  the  near 
future  as  operators  begin  looking  for  new  reserves. 
Unfortunately,  the  issue  is  much  different  for  oil. 
The  combination  of  low  market  prices  and  neces- 
sary state  and  federal  regulations  has  affected  the 
oil  industry  in  Pennsylvania  such  that  well  pluggings 
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far  exceed  new  drilling  in  the  oil  fields.  Unless  the 
price  of  oil  increases  substantially  and  stabilizes  over 
the  next  few  years,  or  new  technology  is  developed 
to  extract  oil  from  low-yield  reservoirs  in  an  en- 
vironmentally acceptable  manner,  Pennsylvania’s 
oil  industry  faces  a bleak  future. 

This  annual  report  of  oil  and  gas  drilling  and  pro- 
duction in  Pennsylvania  is  based  for  the  most  part 
on  drillers’  well  records  and  location  plats  filed  with 
the  Bureau  of  Oil  and  Gas  Management,  Penn- 
sylvania Department  of  Environmental  Resources. 
The  statistics  of  oil  and  gas  drilling  are  compiled 
only  from  the  records  received  during  the  calendar 
year.  This  includes  records  of  wells  drilled  prior  to, 
but  reported  in,  1989;  it  does  not  include  1989  wells 
for  which  records  were  submitted  to  the  Common- 
wealth after  December  31,  1989. 
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PRODUCTION  AND  RESERVES 

CRUDE  OIL  PRODUCTION 

Pennsylvania’s  crude  oil  industry  produced 
2,601,982  bbl  (barrels)  of  Penn  Grade  crude  oil  in 
1989,  a 7.3  percent  decrease  from  the  1988  produc- 
tion total  of  2,807,003  bbl.  Most  of  this  production 
was  from  Upper  Devonian  and  Lower  Silurian  res- 
ervoirs, but  there  was  probably  some  subsidiary 
production  from  Pennsylvanian,  Mississippian, 
Middle  Devonian,  and  Upper  Silurian  reservoirs. 
Lower  Silurian  Medina  Group  sandstones  in  Erie, 
Crawford,  and  Mercer  Counties  produced  102,541 
bbl  of  crude  oil,  slightly  lower  than  production  in 
the  previous  year.  See  Figure  1 for  a summary  of 
these  statistics. 

Figure  2 illustrates  the  amount  of  oil  produced 
and  the  total  number  of  producing  oil  wells  in  Penn- 
sylvania in  1989,  by  county.  The  leading  counties 
for  oil  production  during  the  year  were  Warren, 
Elk,  McKean,  and  Venango,  in  that  order.  These 
four  counties  were  responsible  for  81  percent  of  the 
total  oil  produced  in  Pennsylvania. 


Figure  1 . Crude  oil  production  in  Pennsylvania, 
1989. 


Percent 

Cumulative 

Perm  Grade  oil1 

1989 

1988 

change 

to  12/31/89 

Shallow  oil2 

2,499 

2,703 

-7.5 

1,333,402 

Deep  oil" 

103 

104 

- .9 

1,965 

TOTAL  OIL 

2,602 

2,807 

-7.3 

1,335,367 

'in  1,000  barrels. 

"See  text  for  explanation. 


DEVELOPED  CRUDE  OIL  RESERVES 

Developed  crude  oil  reserves  in  Pennsylvania  to- 
taled 41,563,000  bbl  at  the  end  of  1989.  This  repre- 
sents a 3.6  percent  decrease  from  the  1988  total  of 
43,114,000  bbl.  The  areas  of  the  Commonwealth 
containing  the  highest  reserves  included  the  fields 
of  McKean  and  Elk  Counties,  particularly  the  Brad- 
ford and  Kane  oil  fields.  All  reserves  probably 
should  be  revised  downward,  however,  because  eco- 
nomic recoverability  has  suffered  greatly  from  the 
impact  of  poor  markets  and  increased  regulation. 
Figure  3 shows  statistics  for  crude  oil  reserves  by 
shallow  and  deep  reservoirs. 
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Figure  2.  Oil  wells 
county. 

and  crude  oil  produced 

in  Pennsylvania 

in  1 989  and 

1988,  by 

County 

Crude  oil 

production  (barrels) 
1989  1988 

Estimated  number  of 
producing  oil  wells 
12/31/89  12/31/88 

Allegheny 

61,382 

57,852 

421 

454 

Armstrong  

10,696 

1 1,256 

105 

128 

Beaver  

10,551 

13,690 

90 

108 

Bradford  

0 

183 

0 

1 

Butler 

57,416 

55,814 

626 

742 

Clarion  

25,327 

22,806 

369 

443 

Clearfield  

1,104 

829 

18 

18 

Crawford  

84,054 

89,630 

1,079 

1,280 

Elk 

638,720 

689,535 

487 

468 

Erie 

9,791 

11,184 

106 

158 

Fayette 

0 

17 

0 

9 

Forest  

98,273 

104,505 

811 

1,174 

Greene 

26,000 

26,586 

213 

377 

Indiana 

5,669 

8,352 

264 

403 

Jefferson 

4,667 

3,689 

91 

129 

McKean 

353,487 

438,719 

9,984 

12,652 

Mercer 

8,696 

9,778 

484 

400 

Potter  

11,716 

13,305 

57 

67 

Venango  

287,409 

293,027 

3,415 

3,044 

Warren  

827,916 

645,172 

3,236 

3,099 

Washington  

58,989 

63,701 

401 

464 

Westmoreland  

20,119 

23,592 

81 

107 

Unknown  

0 

223,781 

0 

1,500 

TOTA1 

2,601,982 

2,807,003 

22,338 

27,218 

Figure  3.  Crude  oil  reserves  in  Pennsylvania , 
1989 


Percent 

Reserves' 

1989 

1988 

change 

Shallow  oil2 

41,327 

42,775 

- 3.3 

Deep  oil2 

236 

339 

-30.3 

TOTAL  OIL 

41,563 

43,114 

- 3.6 

'In  1,000  barrels. 

2See  text  for  explanation. 


ENHANCED  OIL  RECOVERY 

Pennsylvania’s  oil  industry  reported  19  new  fluid- 
injection  wells  and  1 new  core  test  well  in  1989.  The 
core  test  well  may  be  used  for  stratigraphic  pur- 
poses, for  analyzing  reservoir  rocks  for  their  geo- 


logic and  engineering  characteristics  prior  to  fluid 
injection,  or  for  analyzing  the  reservoir  during  or 
after  fluid  injection  to  see  how  well  the  enhanced 
oil  recovery  techniques  are  working.  Elk  County 
had  most  of  the  enhanced  oil  recovery  wells  in  1989, 
including  18  water-injection  wells  and  1 core  test 
well.  In  addition,  Venango  County  reported  1 gas- 
injection  well. 

The  Bradford  field  in  McKean  County  is  the  first 
field  in  which  large-scale,  intentional  waterflooding 
was  attempted.  Flooding  probably  began  by  acci- 
dent sometime  in  the  late  1800’s,  and  intentional 
Hooding  began  soon  after.  It  was  not  until  the  early 
1900’s,  however,  that  noticeable  production  en- 
hancement became  apparent.  Since  that  time,  most 
of  the  Bradford  field  has  been  under  waterflood. 
Figure  4 shows  the  changes  in  oil  production  in 
Pennsylvania  since  Drake’s  well  was  drilled  in  1859, 
and  the  changes  in  oil  production  in  the  Bradford 
field.  It  should  be  noted  that  in  1989  the  Bradford 
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Figure  4.  Annual  production  of  crude  oil  in  Pennsylvania,  1859-1989. 


field  produced  only  14  percent  of  the  total  state 
production. 

NATURAL  GAS  PRODUCTION 

Pennsylvania’s  natural  gas  production  increased 
in  1989  by  14.8  percent,  from  the  1988  total  of 
167,089  Mmcf  (million  cubic  feet)  to  191,774  Mmcf. 
The  number  of  producing  gas  wells  increased  1 per- 
cent to  an  estimated  30,000.  Figure  5 shows  1989 
gas  production  statistics  for  Pennsylvania.  Included 
is  a general  breakdown  of  gas  production  by  shal- 
low and  deep  reservoirs. 

NATURAL  GAS  RESERVES 

Proven  recoverable  reserves  of  natural  gas  in 
Pennsylvania  decreased  slightly  to  1 ,968,420  Mmcf 
in  1989.  In  Figure  6,  1989  natural  gas  reserve  figures 


for  Pennsylvania  are  compared  with  those  of  1988, 
and  Figure  7 graphically  illustrates  the  differences 
among  production,  consumption,  and  reserves  of 
natural  gas  since  1946. 


Figure  5.  Natural  gas  production  in  Pennsyl- 
vania, 1989 


Percent 

Cumulative 

'1989 

' 1988 

change 

to  12/31/89' 

Shallow  gas2 

145,251 

3 126, 825 

+ 14.5 

— 

Deep  gas4 

46,523 

’40,264 

+ 15.5 

— 

TOTAL  GAS 

191,774 

167,089 

+ 14.8 

10,752,251 

’in  millions  of  cubic  feet. 

-Shallow  gas:  from  Late  Devonian  or  younger  rocks,  generally  less  than 
4,000  feet  deep. 

’Corrected  figure. 

4Deep  gas:  from  Middle  Devonian  or  older  rocks,  generally  more  than 
4,000  feet  deep. 
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Figure  6.  Natural  gas  reserves  in  Pennsylvania, 
1989. 


'1989 

'1988 

Percent 

change 

Total  gas 

1,968,420 

1,970,309 

- 0.1 

Stored  recover- 

503,974 

"573,932 

- 12.2 

able  gas 

'In  millions  of  cubic  feet. 
"Corrected  figure. 


NATURAL  GAS  STORAGE  AREAS 

Because  Pennsylvania  has  traditionally  consumed 
more  natural  gas  than  it  has  been  able  to  produce, 
the  natural  gas  industry  stores  gas  in  large  quan- 
tities in  the  summer  months  to  at  least  partially  en- 
sure an  adequate  supply  during  the  winter.  Storage 
reservoirs  are  typically  old,  depleted  gas-producing 
reservoirs,  or  bodies  of  rock  whose  geological  and 
engineering  characteristics  would  have  made  them 
ideal  reservoirs  had  natural  gas  been  emplaced  in 
them.  In  Pennsylvania,  all  of  the  major  gas-producing 
horizons  have  been  used  at  one  time  or  another  as 
storage  reservoirs,  but  the  most  common  reservoirs 
are  Upper  Devonian  Bradford  and  Venango  Group 
sandstones  and  fractured  reservoirs  in  the  Ridgeley 
Sandstone.  Figure  8 shows  the  locations  and  names 
of  all  active  gas  storage  areas  in  Pennsylvania  in 
1989.  There  were  6 wells  reported  in  1989  for  gas 
storage.  Recoverable  gas  in  storage  totaled  503,974 
Mmcf  in  1989  as  compared  with  573,932  Mmcf  in 
1988.  This  represents  a decrease  of  12.2  percent 
from  last  year. 

OIL  AND  GAS  PRICES 

The  price  for  crude  oil  in  Pennsylvania  rose  $4.00 
during  1989  to  $19.00  per  barrel.  The  average  price 
of  crude  oil  for  the  year  was  $18.10  per  barrel,  rep- 
resenting the  highest  average  since  1985.  Changes 
in  crude  oil  pricing  in  1989  are  shown  in  Figure  9. 

Natural  gas  prices  have  been  subject  to  controls 
under  the  Natural  Gas  Policy  Act  (NGPA)  since 
1978.  The  pricing  structure  of  the  NGPA  raised 
natural  gas  prices  gradually  since  then  in  order  to 
provide  operators  with  more  realistic  product 
prices.  The  lowest  prices  paid  by  utilities  in  Penn- 
sylvania were  for  old  gas,  subject  to  old  contracts, 
produced  from  pre-NGPA  wells.  Prices  as  low  as 
$0.25  per  Mcf  (thousand  cubic  feet)  are  common 


for  gas  bought  under  old  contracts  in  some  of  the 
older  producing  areas  of  the  Commonwealth.  Some 
NGPA  pricing  categories  have  been  deregulated 
since  January  1 , 1986.  The  highest  price  allowed  for 
NGPA-regulated  gas  was  $7,012  per  Mcf  for  Sec- 
tion 107  (High-Cost  Gas,  in  this  case  the  price 
allowed  for  gas  from  “tight  formations”  such  as 
the  Lower  Silurian  Medina  Group  and  certain  Up- 
per Devonian  sandstones).  The  highest  price  paid 
for  gas  in  1989  was  $6.80  per  Mcf,  and  the  average 
price  for  gas  was  approximately  $2.40  per  Mcf. 
Figure  10  shows  NGPA  price  ceilings  for  natural 
gas  during  1989. 

1989  DRILLING  AND  COMPLETIONS 

TOTAL  COMPLETIONS 

Drilling  activity  as  reported  by  Pennsylvania’s  oil 
and  gas  industry  declined  during  1989  to  1,527 
wells.  This  was  a 14  percent  decrease  in  activity 
from  the  1988  total  of  1,769  wells  and  represents 
the  smallest  number  of  new  wells  reported  since 
1977.  The  total  includes  1 ,522  new  wells  and  5 old 
wells  drilled  deeper.  Of  these  1,527  wells  reported 
in  1989,  however,  only  51  percent  were  actually 
drilled  in  1989.  Pennsylvania’s  oil  and  gas  industry 
submitted  records  on  wells  drilled  and  completed 
as  far  back  as  1978.  Figure  1 1 shows  the  breakdown 
of  wells  reported  in  1989  but  completed  in  prior 
years. 

The  total  footage  drilled  in  all  reported  wells  also 
decreased  14  percent,  from  6,507,846  feet  in  1988 
to  5,620,710  feet  in  1989.  The  average  total  depth 
in  all  wells  drilled  remained  the  same  at  3,681  feet. 
The  eight  most  active  counties  for  drilling  in  1989 
were  Warren,  Venango,  Indiana,  Armstrong,  Craw- 
ford, Elk,  Erie,  and  Clearfield,  in  that  order.  Wells 
in  these  eight  counties  accounted  for  74  percent  of 
all  wells  reported  in  the  Commonwealth  during  the 
year  (see  Figure  12). 

OIL  COMPLETIONS 

Oil  well  drilling  remained  sluggish  in  1989;  only 
329  oil  wells  were  reported  during  the  year.  How- 
ever, this  still  represents  a 4 percent  increase  over 
1988.  Only  64  of  the  329  wells  reported  were  actually 
drilled  in  1989,  yet  this  low  number  is  three  times 
higher  than  that  of  1988.  Total  reported  footage 
drilled  was  475,916  feet,  an  8 percent  increase  over 
that  of  a year  ago.  The  average  total  depth  for  all 
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Figure  7.  Production,  consumption,  and  reserves  of  natural  gas  in  Pennsylvania  (consumption  data  are  reported  one  year  in  arrears). 
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Figure  8.  Active  natural  gas  storage  areas  of  Pennsylvania. 


NAMES  OF  ACTIVE  GAS  STORAGE  AREAS  IN  PENNSYLVANIA 


ALLEGHENY  COUNTY 

BEAVER  COUNTY 

CAMBRIA  COUNTY 

ELK  COUNTY 

1 . Bunola 

8.  Black  Hawk 

14.  Roger  Mountain 

19.  St.  Marys 

2.  Gamble-Hayden 

3.  Tepe 

4.  Murrysville  (Dice) 

5.  Smith-Parke 

BEDFORD  COUNTY 
9.  Artemas  A 
10.  Artemas  B 

BUTLER  COUNTY 

CLARION  COUNTY 

15.  Truittsburg 

CLEARFIELD  COUNTY 

16.  Gourley-Miller 

20.  Boone  Mountain 

21 . Owls  Nest 

22.  Belmouth 

ARMSTRONG  COUNTY 

11.  Vardy 

CLINTON  COUNTY 

ERIE  COUNTY 

6.  Fair  and  Helm 

12.  Portman 

17.  Leidy 

23.  Summit 

7.  South  Bend 

13.  Hughes 

18.  Tamarack 

24.  Corry 

OIL  AND  GAS  DEVELOPMENTS  IN  1989 


NAMES  OF  ACTIVE  GAS  STORAGE  AREAS  IN  PENNSYLVANIA  (Continued) 


FOREST  COUNTY 

JEFFERSON  COUNTY 

25.  Queen 

36.  Sprankle 

26.  Duhring 

37.  Galbraith 

38.  Markle 

GREENE  COUNTY 

39.  Mundert 

27.  Majorsville-Heard 

McKEAN  COUNTY 

28.  Swarts  West 

40.  Keelor 

29.  Swarts 

41 . Swede  Hill 

30.  Hunters  Cave 

42.  Wellendorf 

31.  Holbrook 

32.  Pratt 

43.  East  Branch  "B" 
MERCER  COUNTY 

INDIANA  COUNTY 

44.  Henderson 

33.  Alabran 

POTTER  COUNTY 

34.  Kinter 

45.  Sharon 

35.  Clark 

46.  Hebron 

Figure  9.  Crude  oil  prices  in  Pennsylvania,  1989 


Price  per 


Date  barrel 


January  1,  1989 $15.00 

January  10,  1989 15.75 

January  16,  1989 16.75 

January  27,  1989 15.75 

February  1,  1989 16.10 

March  5,  1989 17.10 

March  16,  1989 17.85 

March  17,  1989 18.00 

April  1,  1989 19.00 

August  7,  1989 18.25 

December  20,  1989 19.00 


oil  wells  was  1,447  feet.  Warren  County  was  again 
the  most  active  area  for  oil  well  drilling  with  219 
reported  wells,  accounting  for  67  percent  of  all  oil 
wells  reported  in  the  Commonwealth  in  1989  (Fig- 
ure 13). 

GAS  COMPLETIONS 

Pennsylvania’s  natural  gas  industry  reported 
1 ,055  gas  well  completions  in  1989,  including  5 old 
wells  drilled  deeper,  a 19  percent  decrease  from  the 
1 988  figure  of  1 ,297  wells.  The  total  footage  drilled 
in  all  gas  wells  was  4,554,839  feet,  also  a 19  per- 
cent decrease  from  1988.  The  average  depth  for  all 
gas  wells  remained  about  the  same  at  4,317  feet.  The 
most  active  counties  for  gas  well  drilling  were 


POTTER  COUNTY 

WASHINGTON  COUNTY 

(Continued) 

57.  Donegal 

AT.  Ellisburg 

58.  Colvin 

48.  Harrison 

59.  Finleyville 

49.  Wharton 

WESTMORELAND  COUNTY 

50.  Greenlick 

60.  Seanor 

61 . Oakford 

TIOGA  COUNTY 

62.  Webster 

51.  Sabinsville 

63.  Patton 

52.  Palmer 

53.  Tioga 

54.  Meeker 

WARREN  COUNTY 

55.  Deerlick 

56.  East  Branch  "A" 


Warren,  Indiana,  Venango,  Armstrong,  Crawford, 
Erie,  and  Clearfield,  accounting  for  69  percent  of 
all  gas  wells  reported  during  the  year.  These  data 
are  summarized  in  Figure  14. 

COMBINATION  OIL  AND  GAS 
WELL  COMPLETIONS 

(Not  Reported  Separately  as  Oil  or  Gas) 

The  Pennsylvania  Geological  Survey  classifies  a 
combination  oil  and  gas  well  as  any  well  that  pro- 
duces both  oil  and  at  least  50  Mcfgpd  (thousand 
cubic  feet  of  gas  per  day).  Most  oil  wells  drilled  in 
Pennsylvania  produce  a little  gas,  and  many  pro- 
duce enough  gas  to  be  sold  to  utilities  or  pipeline 
companies.  However,  if  the  well  produces  less  than 
50  Mcfgpd,  regardless  of  whether  or  not  the  gas  is 
sold,  it  is  considered  an  oil  well. 

Pennsylvania’s  oil  and  gas  operators  reported  49 
combination  wells  in  1989,  an  81  percent  increase 
over  1988.  Total  footage  for  these  49  wells  was 
198,055  feet.  The  average  depth  was  4,042  feet,  an 
increase  of  2,021  feet  over  1988.  These  data  are 
summarized  in  Figure  15. 

DRY  COMPLETIONS 

A total  of  64  dry  holes  was  reported  in  Penn- 
sylvania in  1989.  These  wells  represent  a 15  percent 
decrease  in  the  number  of  dry  holes  from  1988, 
when  75  dry  holes  were  reported.  The  overall  suc- 
cess rate  remains  about  the  same  at  96  percent.  The 
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Figure  11.  Number  of  well  records  received  in 
1989  by  completion  date. 


Completion  No.  of 

date  wells 


1978  4 

1979  5 

1980  13 

1981  36 

1982  58 

1983  24 

1984  122 

1985  16 

1986  27 

1987  29 

1988  415 

1989  778 


TOTAL 1,527 


total  footage  for  dry  holes  in  Pennsylvania  in  1989 
was  317,295  feet,  a 17  percent  increase  over  1988. 
The  average  total  depth  for  dry  holes  was  4,958  feet 
(Figure  16). 

MISCELLANEOUS  WELLS 

Miscellaneous  wells  include  all  wells  that  cannot 
specifically  be  considered  oil-  and  gas-producing 
wells  or  dry  holes.  They  include  service  wells  and 
junked  and  abandoned  wells.  Service  wells  comprise 
several  types:  stratigraphic  core  tests,  drilled  to  col- 
lect subsurface  information  such  as  formation 
thickness  or  the  effects  of  well  completion  on  vari- 
ous rock  types;  water-supply  wells  for  waterflood 
projects;  fluid-injection  wells  for  secondary  and  ter- 
tiary recovery  of  oil;  liquid-waste  disposal  wells;  and 
gas  storage  wells.  Increases  and  decreases  within  this 
category  do  not  accurately  reflect  oil  and  gas  drill- 
ing trends  because,  for  example,  an  oil  field  opera- 
tor may  drill  all  needed  water-supply  wells  and 
fluid-injection  wells  several  years  after  the  oil- 
producing  wells  have  been  completed. 

In  1989,  the  oil  and  gas  industry  reported  30  mis- 
cellaneous wells  in  Pennsylvania.  This  is  a 43  per- 
cent decrease  from  the  1988  total  of  53  wells.  Of 
the  30  miscellaneous  wells,  26  were  classified  as  ser- 
vice wells.  Eighteen  of  the  service  wells  reported 
were  water-intake  wells  for  secondary  oil  recovery 
projects;  1 was  a gas-injection  well,  also  for  second- 
ary oil  recovery;  1 was  a stratigraphic  core  test;  and 


Figure  12.  New  well  completions  and  old  wells 
drilled  deeper  in  Pennsylvania,  1989. 


NEW  WELL  COMPLETIONS 


A rerage 

No.  of 

total  depth 

County 

wells 

(feet) 

Allegheny 

7 

4,156 

Armstrong 

114 

3,573 

Beaver  

2 

1,703 

Bedford  

i 

4,232 

Butler 

3 

1,609 

Cambria  

6 

5,079 

Cameron 

1 

7,102 

Centre 

50 

4,841 

Clarion  

15 

2,219 

Clearfield  

69 

3,841 

Clinton  

60 

4,659 

Crawford 

103 

4,705 

Elk 

101 

2,604 

Erie  

85 

3,330 

Fayette 

13 

4,124 

Forest 

2 

2,378 

Greene 

5 

3,705 

Indiana  

136 

3,745 

Jefferson 

39 

2,705 

McKean 

54 

2,134 

Mercer 

68 

5,568 

Potter 

3 

1,802 

Somerset 

18 

8,735 

Sullivan 

1 

5,595 

Tioga 

2 

5,857 

Venango  

153 

4,766 

Warren  

364 

2,746 

Westmoreland  

47 

3,871 

TOTAL 

1,522 

3,688 

OLD  WELLS 

DRILLED  DEEPER 

A verage 

amount 

No.  of 

deepened 

County 

wells 

(feet) 

Armstrong 

1 

200 

Crawford 

1 

3,680 

Jefferson 

1 

1,280 

Washington 

1 

304 

Westmoreland  

1 

1,997 

I ( ) I \ I 

5 

1,492 

6 were  gas  storage  wells.  The  total  footage  drilled 
in  these  26  service  wells  was  74,075  feet.  Addition- 
ally, under  the  miscellaneous  classification,  4 junked 
holes  were  drilled  totaling  530  feet.  The  average 
total  depth  for  all  service  wells  was  2,849  feet.  The 
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Figure  13.  New  oil  well  completions  in  Pennsyl- 
vania, 1989 


A verage  A verage 

initial  total 
No.  of  production  depth 


County  wells  fbopd)'  (feet) 


Beaver 2 10.00  1,703 

Clarion 5 2.40  1,157 

Crawford  1 0 447 

Elk 56  1.50  2,496 

Jefferson 3 .53  1,022 

McKean 16  0 1,760 

Venango 26  4.25  867 

Warren 219  10.27  1,237 

Westmoreland 1 1.00  1,842 


TOTAL 329  7.53  1,447 


'bopd,  barrels  of  oil  per  day. 

average  total  depth  for  all  miscellaneous  wells  was 
2,487  feet  (Figure  17). 

DRILLING  AND  COMPLETION  COSTS 

The  costs  of  drilling  and  completing  a well,  given 
below  in  dollars  per  foot,  vary  with  the  company, 
drilling  depth,  method  of  completion,  and  geo- 
graphic area.  Costs  generally  increase  yearly  due  to 
inflation,  but  they  may  decline  if  the  prices  for  fossil 
fuels  (needed  in  manufacturing  and  transporting 
casing,  cement,  etc.)  decline.  Prices  typically  in- 
crease as  total  depth  increases,  especially  for  wells 
that  penetrate  deeper,  undrilled  or  untested  forma- 
tions. Dry  holes  are  generally  less  expensive  than 
producing  wells  because  not  much  is  done  to  the 
hole  beyond  drilling  and,  perhaps,  logging.  Ex- 
tremely deep  wells  may  be  extraordinarily  expen- 
sive, not  just  because  of  increased  rig  time  and  in- 
creased casing,  cementing,  and  other  needs,  but  be- 
cause provisions  must  be  made  for  potential  unfore- 
seen problems.  Wells  drilled  in  untested  formations 
and/or  unexplored  areas  may  require  special  testing 
and  completion  techniques  as  well.  In  Pennsylvania, 
an  average  well  would  be  drilled  about  3,681  feet 
deep  (the  average  total  depth  for  all  wells  reported 
in  1988  and  1989),  probably  to  the  Upper  Devonian 
Bradford  Group  or  Lock  Haven  Formation.  As 
such,  a deep  well  (Lower  Devonian  Ridgeley  Sand- 
stone or  Lower  Silurian  Medina  Group)  is  gener- 
ally greater  than  5,000  feet  deep,  and  a well  deeper 
than  10,000  feet  is  considered  ultra  deep. 


Figure  14.  New  gas  well  completions 

and  old 

gas  wells  drilled  deeper  in 

Pennsyl- 

vania, 

1989 

NEW  GAS 

WELL  COM! 

PLETIONS 

A verage 

A verage 

initial 

total 

No.  of 

open  flow 

depth 

County 

wells 

(Mcfgpd)' 

(feet) 

Allegheny  

5 

364 

4,090 

Armstrong 

. . . 113 

384 

3,528 

Butler 

1 

20 

2,365 

Cambria  

4 

559 

3,638 

Centre 

49 

745 

4,870 

Clarion  

9 

50 

2,867 

Clearfield  

64 

688 

3,813 

Clinton  

57 

469 

4,674 

Crawford 

92 

669 

4,774 

Elk 

16 

127 

2,822 

Erie  

75 

979 

3,443 

Favette 

8 

535 

4,047 

Forest 

2 

118 

2,378 

Greene 

5 

238 

3,705 

Indiana  

131 

806 

3,707 

Jefferson 

32 

320 

2,807 

McKean 

34 

271 

2,039 

Mercer 

42 

769 

5,482 

Potter 

86 

2,018 

Somerset 

14 

1,354 

8,578 

Venaneo  

. ..  120 

634 

5,631 

Warren  

. ..  135 

1,027 

5,204 

Westmoreland  

40 

776 

4,020 

TOTAL 

. . . 1,050 

686 

4,331 

OLD  GAS  WELLS  DRILLED  DEEPER 

A verage 

A verage 

initial 

amount 

No.  of 

open  flo  vv 

deepened 

County 

wells 

(Mcfgpd)' 

(feet) 

Armstrong 

1 

240 

200 

Crawford 

I 

0 

3,680 

Jefferson 

1 

20 

1,280 

Washington 

1 

44 

304 

Westmoreland  

1 

94 

1,997 

TOTAL 

5 

80 

1,492 

'Mcfgpd,  thousand  cubic  feet  of  gas  per  day. 


Because  drilling  conditions  and  company  policies 
vary  widely,  even  within  a small  geographic  area, 
the  drilling  costs  listed  are  only  estimates  and  should 
not  be  used  as  anything  more  than  “ballpark"  fig- 
ures for  the  industry  in  1989. 

1.  McKean  County,  shallow  oil  and  gas  well  in 
the  Bradford  Group  sandstones,  about  1,400 
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Figure  15.  New  combination  oil  and  gas  well 
completions  in  Pennsylvania,  1989. 


A verage  A verage  A verage 

initial  initial  total 

No.  of  production  open  flow  depth 


County  wells  (bopd)'  ( Mcfgpd )* 2  (feet) 


Allegheny 2 0 291  4,322 

Crawford 4 0 766  4,389 

Elk 2 0 30  2,376 

Erie 2 0 0 3,258 

Fayette 1 0 315  2,518 

Jefferson 2 1.00  25  1,038 

McKean  1 0 0 2,650 

Mercer 23  0 1,088  5,450 

Potter 1 0 50  1,369 

Warren 7 28.57  108  1,534 

Westmoreland  ....  4 0 444  3,970 


TOTAL 49  4.12  646  4,042 


'bopd,  barrels  of  oil  per  day. 

2Mcfgpd,  thousand  cubic  feet  of  gas  per  day. 


Figure  16.  New  dry  hole  completions  in  Penn- 
sylvania, 1989 


No.  of 

A verage 
total  depth 

County 

dry  holes 

(feet) 

Armstrong 

1 

8,706 

Bedford  

1 

4,232 

Cameron 

1 

7,102 

Centre 

1 

3,400 

Clarion 

1 

1,700 

Clearfield 

5 

4,206 

Clinton 

3 

4,373 

Crawford 

6 

4,559 

Elk 

8 

3,220 

Erie 

5 

3,637 

Fayette 

4 

4,680 

Indiana 

5 

4,741 

Jefferson  

2 

5,270 

McKean  

3 

5,027 

Mercer  

3 

7,664 

Somerset 

4 

9,283 

Sullivan 

1 

5,595 

Tioga 

1 

7,541 

Venango  

6 

5,017 

Warren 

3 

5,101 

TOTAL  64  4,958 


feet  deep.  Dry  hole,*  about  $18  per  foot. 
Completion,  about  $36  per  foot. 

2.  Elk  County  area,  shallow  oil  well  in  the  Brad- 
ford Group  sandstones,  about  2,400  feet  deep. 


Figure  17.  New  miscellaneous  well  completions 
in  Pennsylvania,  / 989. 1 


A verage 

No.  of  total  depth 

County 

wells  (feet) 

Butler 

2 

1 ,23 1 

Cambria  

2 

7,960 

Elk 

19 

2,504 

Erie  

3 

50 

Tioga  

1 

4,173 

Venango  

1 

900 

Westmoreland  

2 

1,714 

TOTAL 30  2,487 


‘Miscellaneous  well  completions  include  gas  injection,  water  in- 
take, stratigraphic  core  tests,  gas  storage  wells,  and  junked  holes. 

Dry  hole,*  about  $9  per  foot.  Completion, 
about  $16  per  foot. 

3.  Elk  County,  shallow  injection  well  in  the  Kane 
sand,  about  2,400  feet  deep.  Dry  hole,*  about 
$24  per  foot.  Completion,  about  $43  per  foot. 

4.  Indiana-Cambria-Clearfield  County  area, 
shallow  gas  well  in  the  Bradford  Group  sand- 
stones, about  3,500  feet  deep.  Dry  hole,* 
about  $23  per  foot.  Completion,  about  $34 
per  foot. 

5.  Fayette-Westmoreland  County  area,  shallow 
gas  well  in  the  Bradford  Group  sandstones, 
about  4,000  feet  deep.  Dry  hole,*  about  $20 
per  foot.  Completion,  about  $35  per  foot. 

6.  Crawford-Venango  County  area,  deep  gas 
well  in  the  Medina  Group  sandstones,  about 

5.500  feet  deep.  Dry  hole,*  about  $20  per 
foot.  Completion,  about  $35  per  foot. 

7.  Westmoreland-Somerset  County  area,  deep 
gas  well  in  the  Ridgeley  Sandstone,  about 

8.500  feet  deep.  Dry  hole,*  about  $37  per 
foot.  Completion,  about  $57  per  foot. 

*No  completion  attempted. 

DEEP  AND  SHALLOW  ACTIVITY 

The  Oil  and  Gas  Geology  Division  of  the  Penn- 
sylvania Geological  Survey  classifies  oil  and  gas 
wells  as  shallow  or  deep  depending  on  the  strati- 
graphic level  penetrated,  rather  than  on  actual 
depth.  In  general,  wells  that  penetrate  the  top  of 
the  Tully  Limestone  or  its  equivalent  (the  presently 
accepted  Upper-Middle  Devonian  boundary)  are 
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considered  deep.  Wells  that  do  not  penetrate  the 
Tully  horizon  are  generally  considered  shallow.  The 
exceptions  to  this  general  rule  involve  formations 
of  great  significance,  such  as  the  rocks  of  the  Meso- 
zoic basins  in  southeastern  Pennsylvania.  Because 
the  Appalachian  basin  is  wedge  shaped,  absolute 
drilling  depth  is  not  instrumental  in  this  classifica- 
tion. As  such,  a Lower  Silurian  Medina  Group  well 
along  the  shore  of  Lake  Erie  in  Erie  County  may 
be  only  2,500  feet  deep,  whereas  an  Upper  Devo- 
nian Lock  Haven  Formation  well  in  Centre  County 
may  be  greater  than  5,000  feet  deep.  Yet,  the 
Medina  well  is  considered  deep  and  the  Lock  Haven 
well  is  considered  shallow  on  the  basis  of  strati- 
graphic interval  penetrated. 

Shallow  wells  account  for  the  greatest  number  of 
wells  drilled  in  Pennsylvania;  they  may  produce  oil, 
gas,  or  both.  Deep  wells  are  rarer  than  shallow  wells 
because  of  increased  cost  and  risk;  they  most  com- 
monly produce  gas,  but  there  are  numerous  deep 
wells  in  northwestern  Pennsylvania  that  also  pro- 
duce oil.  Very  few  deep  wells  produce  oil  as  their 
main,  or  sole,  energy-mineral  commodity.  Figure 
18  illustrates  shallow-well  drilling  activity  since 
1950,  and  Figure  19  shows  the  changes  in  deep-well 
drilling  activity  during  the  period  1950-89. 

There  were  999  shallow  wells  reported  in  Penn- 
sylvania in  1989,  a decrease  of  9 percent  from  the 
1,095  wells  reported  in  1988.  This  1989  total  in- 
cluded 968  new  oil,  gas,  combination,  and  dry  wells, 
4 old  gas  wells  deepened,  and  27  miscellaneous 
wells.  In  general,  both  the  shallow  oil  wells  and  the 
shallow  gas  wells  were  drilled  to  Upper  Devonian 
Venango  and  Bradford  Group  reservoirs.  Subsid- 
iary drilling  in  other  shallow  horizons  found  pro- 
duction in  the  (1)  Pennsylvanian  coals;  (2)  Lower 
Mississippian  “Murrysville”  sand;  and  (3)  Upper 
Devonian  Elk  Group,  Lock  Haven  Formation, 
Brallier  Formation,  Scherr  Formation,  and  Ohio 
Shale.  Shallow  oil-  and/or  gas-well  drilling  in  War- 
ren, Indiana,  Armstrong,  Elk,  Clearfield,  and  Clin- 
ton Counties  accounted  for  71  percent  of  all  shallow 
drilling  reported  in  1989. 

Reported  deep  drilling  in  Pennsylvania  decreased 
22  percent  in  1989.  During  the  year,  528  deep  wells 
were  reported,  down  146  wells  from  1988.  The  most 
active  areas  for  deep  drilling  in  Pennsylvania  con- 
tinued to  be  the  northwestern  counties  of  Warren, 
Venango,  Crawford,  Erie,  and  Mercer,  accounting 
for  94  percent  of  all  deep-well  activity.  Deep  for- 
mations drilled  during  1989  for  natural  gas  (and  oil) 
production  include  the  (1)  Middle  Devonian  Onon- 


daga Formation  and  Huntersville  Chert;  (2)  Lower 
Devonian  Ridgeley  Sandstone;  (3)  Upper  Silurian 
Bass  Islands  Dolomite;  (4)  Middle  Silurian  Lock- 
port  Dolomite;  (5)  Lower  Silurian  Medina  Group 
and  Tuscarora  Sandstone;  and  (6)  Upper  Cambrian 
Gatesburg  Formation. 

Figure  20  shows  the  statistical  breakdown  for 
both  shallow  and  deep  wells  reported  in  Pennsyl- 
vania in  1989.  Figure  21  illustrates  shallow-  and 
deep-well  drilling  in  terms  of  the  final  reported  pro- 
ducing formations. 

Shallow  production  totaled  145,253  Mmcf  of  gas 
and  2,499,441  bbl  of  oil,  whereas  deep  production 
accounted  for  46,521  Mmcf  of  gas  and  102,541  bbl 
of  oil.  Figure  22  shows  deep  gas  production  during 
the  year  by  field  and  pool.  In  Figure  23,  the  infor- 
mation in  Figure  22  is  summarized  by  showing 
amounts  of  gas  produced  from  the  various  deep  res- 
ervoirs, both  as  an  annual  total  and  as  a cumulative 
total.  Figure  24  illustrates  the  amount  of  produc- 
tion, the  yearly  average  unit  price,  and  the  yearly 
total  value  for  all  of  the  oil  and  gas  produced  in 
Pennsylvania  since  1960. 

PENNSYLVANIA  DRILLING  AND 
PRODUCTION  RECORDS 

The  drilling  depth  record  for  Pennsylvania  was 
set  at  21,460  feet  by  the  Amoco  Production  Com- 
pany #1  Svetz  well  in  Somerset  County  in  1974.  The 
well  penetrated  the  Upper  Cambrian.  This  is  also 
the  deepest  well  drilled  in  the  Appalachian  basin. 
The  deepest  producing  depth  in  Pennsylvania  is 
13,168  feet  in  the  Texaco  U.S.A.  #1  Commonwealth 
of  Pennsylvania  Tract  289  well,  which  was  com- 
pleted in  Lycoming  County  in  1985.  Production  in 
this  well  is  from  the  Upper  Ordovician  Bald  Eagle 
Formation.  The  record  for  largest  initial  produc- 
tion of  gas  for  both  Pennsylvania  and  the  Appala- 
chian basin  is  held  by  the  New  York  State  Natural 
Gas  tt\  Finnefrock  well  in  the  Leidy  field,  Clinton 
County.  The  well  flowed  145,000  Mcfgpd  without 
stimulation  from  the  Lower  Devonian  Ridgeley 
Sandstone  at  6,339  feet  when  drilled  in  1951.  The 
largest  initial  production  for  oil  in  Pennsylvania  is, 
once  again,  an  Appalachian  basin  record.  The  Jen- 
nings Brothers  #1  Mathews  well  in  the  McDonald- 
McCurdy  field,  Allegheny  County,  reportedly  flowed 
between  12,000  and  21,000  bopd  (barrels  of  oil  per 
day)  from  the  Upper  Devonian  Venango  Group 
(“Fifth  sand”)  in  1891. 
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Figure  18.  Shallow-well  activity,  1950-89  (Late  Devonian  or  younger  producing  horizons,  generally  less 
than  4,000  feet  deep). 
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nnual  rate  of  deep  formation  exploration  and  development,  1950-89  (Middle  Devonian 
r older  producing  horizons,  generally  more  than  4,000  feet  deep). 
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Figure  20.  Drilling  and  completion  of  well s re- 
ported, 1989  (according  to  geologic 
age  and  depth  of  producing  horizons). 


Shallow — Upper  Devonian  and  younger 


NEW  WELLS 

Gas 590 

Oil 329 

Oil  and  gas 20 

Dry 29 

Total  new  wells  968 

DEEPENED  WELLS 

Gas 4 

MISCELLANEOUS  WELLS 

Water  injection 18 

Gas  injection 1 

Stratigraphic  core  tests 1 

Gas  storage 3 

Junked  holes 4 

Total  miscellaneous  wells 27 

Total  shallow  wells  999 


Deep — Middle  Devonian  and  older 
NEW  WELLS 

Gas 460 

Oil  and  gas 29 

Dry 35 

Total  new  wells  524 

DEEPENED  WELLS 

Gas 1 

MISCELLANEOUS  WELLS 

Gas  storage 3 

Total  deep  wells 528 

TOTAL  ALL  WELLS  DRILLED  1,527 


OIL  AND  GAS  EXPLORATORY  AND 
DEVELOPMENT  ACTIVITIES 

The  Pennsylvania  Geological  Survey,  Oil  and  Gas 
Geology  Division,  uses  a classification  scheme  for 
exploratory  and  development  drilling  that  is  modi- 
fied from  the  definitions  used  by  the  Committee  on 
Statistics  of  Drilling  of  the  American  Association 
of  Petroleum  Geologists.  All  wells  reported  here  are 
the  same  as  those  reported  under  drilling  and  com- 
pletions in  the  previous  section  of  this  report.  In 
Figure  25,  drilling  activity  in  Pennsylvania  in  1989 
is  summarized  as  exploratory,  development,  or 
miscellaneous. 


EXPLORATORY  WELLS 

An  exploratory  well  is  one  that  is  drilled  to 

(1)  find  and  produce  oil  or  gas  in  unproven  areas; 

(2)  find  a new  reservoir  in  an  area  previously  known 
to  have  oil  and/or  gas  production  in  another  reser- 
voir; or  (3)  extend  the  known  limit  of  a productive 
oil  or  gas  reservoir.  New  field  wildcats,  new  pool 
wildcats,  deeper  pool  tests,  shallower  pool  tests,  and 
outpost/extension  tests  make  up  the  exploratory 
categories.  If  the  well  is  drilled  as  an  exploratory 
test  and  is  not  completed  for  production,  it  is  clas- 
sified as  a dry  exploratory  hole. 

Exploratory  drilling  in  Pennsylvania  accounted 
for  68  of  the  new  well  completions  reported  in  Fig- 
ure 25.  Of  these,  44  were  productive  for  a success 
rate  of  65  percent,  up  from  the  rate  of  61  percent 
reported  last  year.  It  should  be  pointed  out  that 
“success”  simply  means  that  the  well  was  completed 
for  production  without  specific  reference  to  long- 
term economic  viability.  Figure  26  shows  the  break- 
down of  exploratory  drilling  by  classification.  All 
exploratory  successes  and  exploratory  failures  of 
1989  are  illustrated  in  Figure  27,  and  these  wells  are 
listed  in  Figures  28  and  29. 

DEVELOPMENT  WELLS 

A development  well  is  one  that  is  drilled  within 
a proven  area  of  production  to  a known  produc- 
tive stratigraphic  horizon.  A producing  well  in  such 
an  area  and  reservoir  is  classified  as  an  oil  or  gas 
development  well.  It  is  considered  a dry  develop- 
ment well  if  it  is  not  completed  for  production.  De- 
velopment drilling  declined  13  percent  from  1988; 
only  1,429  wells  were  drilled  in  1989.  The  success 
rate  for  all  development  drilling  remained  high  at 
97  percent. 

HIGHLIGHTS  OF  1989  EXPLORATION 
AND  DEVELOPMENT 

Oil-  and  gas-well  drilling  activity  in  Pennsylvania 
in  1989  was  dominated  by  shallow  drilling,  a his- 
torical trend  that  dates  back  to  1859.  More  than  65 
percent  of  all  wells  reported  in  the  Commonwealth 
in  1989  were  shallow.  Shallow  targets  traditionally 
include  numerous,  very  productive  Upper  Devonian 
sandstone  reservoirs  in  the  Venango,  Bradford,  and 
Elk  Groups  and  the  Lock  Haven  Formation.  In  ad- 
dition, subsidiary  production  from  deeper  or  more 
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Figure  21 . 


Oil  and  gas  well  completions  in  Pennsylvania  by  shallow  and  deep  producing  formations,  1989 


Combination 

Gas 

Oil 

Gas 

oil  and  gas 

storage 

Total 

Producing  formation 

wells 

wells 

wells 

wells 

wells 

Pennsylvanian 

0 

1 

0 

0 

1 

Mississippian 

1 

6 

0 

1 

8 

Mississippian/ Venanuo/Brad  ford  . 

0 

7 

1 

0 

8 

Venango  

64 

Ml 

2 

7 

79 

s 

Venaneo/Bradford  

0 

1 16 

0 

0 

116 

H 

Venango/Bradford/Elk  

0 

1 

0 

0 

1 

A 

Bradford 

263 

284 

17 

0 

564 

L 

Bradford/Elk 

0 

29 

0 

0 

29 

L 

Elk 

1 

15 

0 

0 

16 

O 

Catskill/Lock  Haven 

0 

5 

0 

0 

5 

W 

Lock  Haven 

0 

101 

0 

0 

101 

Scherr 

0 

1 

0 

0 

1 

Brallier 

0 

4 

0 

0 

4 

Ohio  Shale 

0 

216 

0 

0 

16 

Subtotal 

329 

597 

20 

3 

949 

Onondaga/Medina 

0 

1 

1 

0 

2 

D 

Huntersville 

0 

3 

0 

0 

3 

Huntersville/Rideeley 

0 

8 

0 

2 

10 

E 

Ridgeley 

0 

5 

0 

1 

6 

E 

Bass  Islands 

0 

0 

1 

0 

1 

P 

Medina 

0 

-’444 

27 

0 

471 

Subtotal 

0 

461 

29 

3 

493 

GRAND  TOTAL 

329 

1,058 

49 

6 

1,442 

'Includes  one  deep  well  producing  shallow. 

-^Includes  two  deep  wells  producing  shallow. 

includes  two  Gatesburg  dry  pool  tests,  plugged  back  and  producing  from  Medina. 


“exotic”  Upper  Devonian  formations,  such  as  the 
Scherr  and  Brallier  Formations  and  the  Ohio  Shale, 
has  been  increasing  over  the  past  decade.  Rocks 
currently  considered  Lower  Mississippian  (Berea 
Sandstone  and  Murrysville  sand)  have  provided  ad- 
ditional support  in  the  past,  but  are  not  presently 
considered  primary  targets.  Even  a few  Pennsylva- 
nian sandstones  have  been  known  to  produce  in 
isolated  spots,  particularly  in  southwestern  Pennsyl- 
vania. Today,  however,  the  most  important  Penn- 
sylvanian targets  are  the  coal  beds.  Development 
of  coal-bed  methane  is  becoming  an  attractive  alter- 
native for  a few  companies  and  promises  to  become 
even  more  popular  in  the  near  future.  Figure  30 
illustrates  the  stratigraphic  positions  and  relation- 
ships of  the  more  important  shallow  reservoirs  in 
western  Pennsylvania. 


Most  of  the  shallow  wells  reported  in  Pennsyl- 
vania in  1989  were  development  wells;  there  is  typi- 
cally very  little  exploratory  activity  in  the  shallow 
horizons,  and  most  of  those  wells  are  extensions  of 
known  production.  Four  interesting  shallow  explor- 
atory tests  were  reported  in  Pennsylvania  during  the 
year.  See  Figure  27  for  the  locations  of  these  wells. 
CNG  Development  Company  drilled  two  unsuccess- 
ful new  field  wildcats  on  the  Commonwealth  of 
Pennsylvania  Tract  719  in  Pine  Township,  Clear- 
field County.  Both  wells  had  reported  total  depths 
in  the  Elk  Group  of  4, 1 67  feet . No  gas  was  reported 
on  the  well  records.  M.A.T.  Oil  and  Gas  Explora- 
tion completed  the  tt\  Wyoming  Forest  (Common- 
wealth of  Pennsylvania)  Tract  628  well  in  Sullivan 
County  in  northeastern  Pennsylvania  as  a dry  test 
of  the  Lock  Haven  Formation  at  5,595  feet.  This 


Figure  22.  Gas  production  from  rocks  of  Middle  Devonian  or  older  age  in  Pennsylvania,  1989  (classified  as  "deep"  production). 
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Erie  and  Warren  Brokenstraw  7/27/78  25,889  201,783  Prod,  and  S 

Stroup  7/28/80  33,177  209,093  Prod,  and  S 

Columbus  Dewey  Corners  2/10/81  1,102,574  5,738,986  Prod,  and  S 

Hare  Creek  6/26/81  41,048  158,996  Prod,  and  S 

Whites  Run  10/30/75  308,406  1,455,533  Prod,  and  S 


Figure  22.  (Continued). 
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Figure  22.  (Continued). 
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Figure  23.  Deep  gas  production  in  Pennsylvania  in  1989  by  producing  formation 


Producing  formation 


Production 
in  1989 
(Mcff 


Cumulative 
production  at 
end  of  1989 
(Mcff 


Marcellus  Formation  (deep  black  shale) 

Onondaga  Limestone 

Oriskany  Sandstone,  Huntersville  Chert,  and  Ridgeley  Sandstone  . . . 

Bass  Islands  Dolomite  and  Helderberg  Group  

Salina  Group 

Lockport  Dolomite 

Medina  Group 

Tuscarora  Sandstone  

Bald  Eagle  Formation  

Beekmantown  Formation 

Gatesburg  Formation  and  Little  Falls  Dolomite 


- 

75,930 

728,588 

'4,023,165 

8,219,903 

3 1 ,320,650,885 

54,125 

3 1,426, 476 

1,340 

44,521 

232,890 

5,853,943 

34,673,368 

-’277,533,205 

180,414 

-’3,886.966 

2,429,838 

’5,520,753 

2,795 

2,795 

0 

207,200 

TOTAL 


46,523,261  3 1 ,619,225,839 


'Mcf,  thousand  cubic  feet. 

Production  not  reported  by  publication  deadline. 
’Reflects  corrections  to  1987  and  1988  data. 

well  is  notable  for  its  remoteness  from  established 
commercial  production.  Only  a few  small  gas  fields, 
which  are  probably  abandoned,  occur  this  far  east. 
The  only  successful  shallow  exploratory  well  re- 
ported in  Pennsylvania  was  the  CNG  Development 
Company  #1  Kinsinger  well  in  Elk  Lick  Township, 
Somerset  County.  This  well  reached  total  depth  in 
the  Upper  Devonian  Scherr  Formation  at  5,464  feet. 
After-treatment  open  flow  was  gauged  at  only  18.6 
Mcfgpd,  and  the  well  was  sold  to  Keystone  Re- 
sources. Keystone  is  currently  producing  enough  gas 
to  make  the  well  profitable.  This  discovery  well  is 
significant  because  it  establishes  a second  new  pool 
in  the  Scherr  Formation  in  Pennsylvania.  The 
Scherr  is  an  outcrop  equivalent  of  the  Elk  Group 
that  occurs  in  only  limited  areas  of  the  southeastern- 
most  Appalachian  Plateau.  The  discovery  well 
opened  the  shallower  Wolf  Rock  pool  in  the  Mt. 
Davis  field,  a structural  play  in  the  Lower  Devo- 
nian Ridgeley  Sandstone. 

Although  deep  drilling  typically  results  in  fewer 
total  wells  than  shallow  drilling  (528  deep  wells,  less 
than  35  percent  of  all  wells  reported  in  1989),  deep 
wells  commonly  are  more  important  because  they 
are  more  likely  to  lead  to  the  discovery  of  new  reser- 
voirs, establish  significant  new  reserves,  and  add 
more  to  our  knowledge  of  subsurface  geology.  The 
most  commonly  drilled  and  produced  deep  reser- 
voirs in  Pennsylvania  include  the  Middle  Devonian 
Huntersville  Chert  and  Lower  Devonian  Ridgeley 


Sandstone  in  the  central,  eastern,  and  north-central 
Plateau  areas,  and  the  Lower  Silurian  Medina 
Group  in  the  northwestern  part  of  the  state.  Sub- 
sidiary deep  production  historically  has  been  excit- 
ing but  limited.  The  carbonate  and  evaporite  rock 
sequence  between  the  Middle  Devonian  Onondaga 
Limestone  and  Middle  Silurian  Lockport  Dolomite 
in  northwestern  Pennsylvania  produces  both  oil  and 
natural  gas  in  limited  areas  associated,  for  the  most 
part,  with  the  “Bass  Islands  trend”  discovered  in 
western  New  York  in  the  early  1980’s.  The  Lockport 
Dolomite  is  a prolific  producing  reservoir  in  only 
one  or  two  places;  the  Kilgore  pool  in  the  Wolf 
Creek  field,  Mercer  County,  is  the  only  established 
multiwell  area  to  date.  The  Lower  Silurian  Tusca- 
rora Sandstone,  equivalent  to  the  Medina  Group, 
has  produced  gas  in  Fayette  County  in  southwestern 
Pennsylvania,  and  in  Centre  County  in  central 
Pennsylvania.  However,  Tuscarora  reservoirs  typi- 
cally are  ultra-deep  (greater  than  10,000  feet)  struc- 
tural plays  that  are  tricky  to  explore,  and  the  gas 
commonly  has  a high  nitrogen  content  that  lowers 
the  British  Thermal  Unit  value.  The  Upper  Ordovi- 
cian Bald  Eagle  Formation  in  north-central  Penn- 
sylvania has  provided  abundant  gas,  but  in  only  one 
field.  The  reservoir  has  been  characterized  as  highly 
fractured,  overpressured  sandstone.  The  Lower 
Ordovician  and  Upper  Cambrian  carbonate  forma- 
tions in  northwestern  Pennsylvania  are  largely  un- 
tested. Only  four  one-well  pools  have  been  dis- 
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Figure  24.  Production , unit  price,  and  total  value  of  crude  oil  and  natural  gas  produced  in  Pennsylvania, 
1960-89. 


Year 

CRUDE  OIL 

NATURAL  GAS 

Total  oil 
and  gas 
value 
( dollars ) 

Production 1 
(bbl) 

A verage 
yearly  price 
(dollars /bbl) 

Total  value 
(dollars) 

Production : 
(Mcf)* 

A verage 
yearly  price 3 
(dollars/ Mcf) 4 

Total  value 
(dollars) 

1960 

5,942,000 

4.57 

27,154,940 

119,671,000 

0.26 

31,114,460 

58,269,400 

1961 

5,580,000 

4.76 

26,560,800 

98,318,000 

.26 

25,562,680 

52,123,480 

1962 

5,238,000 

4.63 

24,251,940 

87,308,000 

.26 

22,700,080 

46,952,020 

1963 

5,014,000 

4.63 

23,214,820 

92,340,000 

.26 

24,008,400 

47,223,220 

1964 

5,113,000 

4.48 

22,906,240 

85,322,000 

.26 

22,183,720 

45,089,960 

1965 

4,859,000 

4.20 

20,407,800 

82,668,000 

.26 

21,493,680 

41,901,480 

1966 

4,349,000 

4.33 

18,831,170 

91,365,000 

.26 

23,754,900 

42,586,070 

1967 

4,409,000 

4.35 

19,179,150 

89,966,000 

.26 

23,391,160 

42,570,310 

1968 

4,160,000 

4.35 

18,096,000 

87,987,000 

.28 

24,636,360 

42,732,360 

1969 

4,448,000 

4.29 

19,081,920 

79,134,000 

.26 

20,574,840 

39,656,760 

1970 

4,015,000 

4.27 

17,144,050 

77,535,000 

.27 

20,934,450 

38,078,500 

1971 

3,798,000 

4.47 

16,977,060 

76,451,000 

.30 

22,935,300 

39,912,360 

1972 

3,441,000 

4.60 

15,828,600 

73,958,000 

.45 

33,281,100 

49,109,700 

1973 

3,282,000 

5.73 

18,805,860 

78,514,000 

.45 

35,331,300 

54,137,160 

1974 

3,399,000 

8.43 

28,653,570 

82,735,000 

.50 

41,367,500 

70,021,070 

1975 

3,199,000 

9.26 

29,622,740 

84,772,000 

.80 

67,817,600 

97,440,340 

1976 

2,950,000 

11.51 

33,954,500 

89,974,000 

.85 

76,477,900 

110,432,400 

1977 

2,659,000 

14.22 

37,810,980 

92,293,000 

1.00 

92,293,000 

130,103,980 

1978 

2,820,000 

14.77 

41,651,400 

97,763,000 

1.25 

122,203,750 

163,855,150 

1979 

2,817,000 

23.67 

66,678,390 

96,313,000 

1.40 

134,838,200 

201,516,590 

1980 

2,940,000 

37.42 

110,014,800 

97,439,000 

1.50 

146,158,500 

256,173,300 

1981 

3,729,000 

36.33 

135,474,570 

122,454,000 

2.00 

244,908,000 

380,382,570 

1982 

4,282,000 

3 1 .42 

134,540,440 

121,111,000 

2.80 

339,110,800 

473,651,240 

1983 

4,491,000 

28.18 

126,556,380 

118,372,000 

3.00 

355,116,000 

481,672,380 

1984 

4,825,000 

27.64 

133,363,000 

166,342,000 

3.25 

540,611,500 

673,974,500 

1985 

4,851,000 

25.12 

121,857,120 

150,541,000 

3.15 

474,204,150 

596,061,270 

1986 

3,783,000 

15.66 

59,241,780 

159,889,000 

2.50 

399,722,500 

458,965,642 

1987 

3,302,000 

17.23 

56,893,460 

163,318,000 

2.25 

367,465,500 

424,358,960 

1988 

2,807,000 

5 15.22 

542,722,540 

167,089,000 

2.25 

375,950,250 

54  1 8,672,790 

1989 

2,601,000 

18.10 

47,078,100 

191,774,000 

2.40 

460,257,600 

507,335,700 

'Oil  production  figures  courtesy  of  the  Penn  Grade  Crude  Association. 
:Gas  production  figures  courtesy  of  the  American  Gas  Association. 
’Gas  prices  estimated  only. 

4Mcf,  thousand  cubic  feet. 

’Corrected  figure. 


covered  to  date,  but  the  sequence  of  rocks  holds 
great  promise  for  the  future.  Figure  31  shows  the 
positions  and  general  lithologies  of  the  major  deep 
formations  in  western  Pennsylvania. 

Prior  to  1978,  the  Middle  Devonian  Huntersville 
Chert  and  Lower  Devonian  Ridgeley  Sandstone 
(commonly  called  “Chert”  and  “Oriskany”)  were 
the  main  deep  targets  in  Pennsylvania.  Since  1978, 
however,  the  Lower  Silurian  Medina  Group  has 
dominated  deep  drilling  in  the  state.  For  each  Devo- 
nian deep  well  drilled,  there  have  been  between  50 
and  100  Medina  wells.  This  is  because  the  Medina 
is  relatively  shallow,  in  an  area  crisscrossed  by  nu- 
merous pipelines,  and  has  a proven  success  rate  of 


about  98  percent.  Huntersville-Ridgeley  wells,  how- 
ever, typically  have  higher  yields  and  reserves,  mak- 
ing these  reservoirs  enticing  to  companies  that  have 
the  capital  needed  to  search  for  risky  prospects. 
Whereas  Medina  production  occurs  chiefly  from 
stratigraphic  traps,  Huntersville-Ridgeley  produc- 
tion occurs  mainly  from  structural  traps  that  require 
intensive  exploratory  research,  including  extensive 
seismic  surveying,  to  find. 

Reported  drilling  in  the  Huntersville  and  Ridgeley 
in  Pennsylvania  in  1989  resulted  in  19  new  produc- 
ing wells,  most  of  which  were  in  developed  fields 
and  pools.  Exploration  for  new  reserves  in  these 
rocks  resulted  in  the  discovery  of  five  new  fields  and 
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Figure  25.  Exploratory  and  primary  development  and  drilling  footage s reported,  1989  and  1988 


Type  of  well 

1989 

Wells 

1989 

Footage 

1988 

Wells 

1988 

Footage 

Percent 
change 
in  footage 

Exploratory 

Gas 

43 

253,776 

41 

220,025 

Oil 

0 

0 

1 

3,685 

Oil  and  gas  

1 

2,734 

0 

0 

Dry 

24 

157,488 

27 

122,686 

Total  (percent  successful) 

68  (65%) 

413,998 

69  (61%) 

346,396 

+ 20 

Development 

Gas 

1,012 

4,301,063 

1,256 

5,388,952 

Oil 

329 

475,916 

316 

439,225 

Oil  and  gas  

48 

195,321 

27 

54,561 

Dry 

40 

159,807 

48 

149,132 

Total  (percent  successful) 

1,429  (97%) 

5,132,107 

1,647  (97%) 

6,031,870 

- 15 

Miscellaneous 

Water  intake 

18 

45,089 

42 

97,770 

Gas  injection 

1 

900 

0 

0 

Stratigraphic  core  tests  

1 

2,485 

4 

9,627 

Gas  storage 

6 

25,601 

2 

8,376 

Gas  storage  observation  

0 

0 

2 

3,022 

Junked  

4 

530 

3 

10,785 

Total 

30 

74,605 

53 

129,580 

-42 

TOTAL  ALL  WELLS  DRILLED 

1,527  (96%) 

5,620,710 

1,769  (96%) 

6,507,846 

- 14 

pools.  CNG  Development  Company  discovered  the 
Blue  Hole  field  in  Middlecreek  Township,  Somerset 
County,  by  completing  the  #1  Commonwealth  of 
Pennsylvania  Tract  661  well.  The  well  was  treated 
in  two  zones  between  8,154  and  8,318  feet,  and  had 
a gauged  open  flow  of  694  Mcfgpd  from  the  Hun- 
tersville and  Ridgeley.  The  Tub  Mill  pool,  a new 
pool  in  the  Mt.  Davis  field  in  southern  Somerset 
County,  was  discovered  through  completion  of  the 
Keystone  Resources,  Inc.,  #2A  Klink  well.  The  well 
was  drilled  to  8,617  feet  and  treated  in  the  Hunters- 
ville Chert  at  8,384  feet;  the  open  flow  was  gauged 
at  451  Mcfgpd.  CNG  Development  Company  dis- 
covered the  Shade  pool  in  the  Shanksville  field, 
Somerset  County.  The  #1  Wingard  well  was  stimu- 
lated between  8,661  and  8,748  feet  and  had  an  after- 
treatment  open  flow  of  133  Mcfgpd.  CNG  Devel- 
opment also  discovered  the  Harbaugh  pool  in  the 
Ohiopyle  field,  Somerset  County,  and  the  Laurel 
Ridge  pool  in  the  Spook  Hill  field,  Fayette  County. 
The  Harbaugh  pool  was  discovered  through  the 
drilling  of  the  #1  King  Unit  developed  at  8,183  feet 
in  the  Ridgeley  Sandstone.  The  Laurel  Ridge  pool 
was  discovered  through  the  drilling  of  the  ft  1 Seven 


Springs  Farms  well,  which  was  treated  in  the  Hun- 
tersville and  Ridgeley  between  8,196  and  8,352  feet, 
resulting  in  an  open  flow  of  3,100  Mcfgpd.  In  ad- 
dition, six  unsuccessful  exploratory  wells  were  tar- 
geted to  the  Huntersville  and/or  Ridgeley  in  1989. 
These  included  three  new  field  wildcats,  two  deeper 
pool  tests,  and  one  new  pool  test. 

A new  test  of  the  Upper  Silurian  “Bass  Islands 
trend,”  a structural  play  that  elicited  great  excite- 
ment during  the  early  and  mid- 1980’s,  was  reported 
in  Erie  County  in  1989.  The  ENGX,  Inc.,  #10  Mea- 
bon  well  was  drilled  to  the  Bass  Islands  Dolomite 
in  an  area  of  established  production  from  the  Mid- 
dle Devonian  Onondaga  Limestone.  Figures  on  the 
open  flow  and  production  from  the  well  currently 
are  not  available,  but  the  well  reportedly  produced 
both  oil  and  gas  at  2,706  feet.  This  new  discovery 
has  been  named  the  Lowville  pool  and  occurs  in  the 
North  East  field. 

Empire  Exploration  drilled  an  interesting  well  in 
northern  Jefferson  County  late  in  1989.  The  #1 
Lathrop  well  penetrated  7,338  feet,  reaching  to  the 
Lower  Silurian  Rochester  Shale  of  the  Clinton 
Group.  The  intended  target  was  the  Middle  Silurian 
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Figure  26.  Exploratory  drilling  in  Pennsylvania 
by  classification  and  type  of  well, 
1989 


Classification  and 

No.  of 

type  of  well 

wells 

Footage 

NEW  FIELD  WILDCATS 

Gas 

1 

8,555 

Dry 

7 

44,192 

Subtotal 

8 

52,747 

NEW  POOL  WILDCATS 

Gas 

5 

39,348 

Dry 

1 

7,806 

Subtotal 

6 

47,154 

DEEPER  POOL  TESTS 

Gas 

4 

23,111 

Oil  and  gas 

1 

2,734 

Dry 

9 

68,104 

Subtotal 

14 

93,949 

SHALLOWER  POOL  TESTS 

Gas 

I 

5,464 

Subtotal 

1 

5,464 

OUTPOST  EXTENSIONS 

Gas 

72 

177,298 

Dry 

7 

37,386 

Subtotal 

39 

214,684 

GRAND  TOTAL  EXPLORATORY 
WELLS 

68 

413,998 

Lockport  Dolomite.  A company  spokesperson  said 
that  shows  in  the  Lockport  in  a nearby  well  encour- 
aged the  company  to  drill  in  this  location,  60  miles 
east  of  established  production  in  Mercer  County. 
Although  the  drill  cuttings  in  the  Lathrop  well 
showed  excellent  porosity,  there  was  no  gas  in  the 
hole. 

Several  new  pools,  mostly  new  deeper  pools,  were 
discovered  through  the  drilling  of  the  471  Medina 
Group  wells  reported  in  Pennsylvania  in  1989.  The 
Drake  Well  pool  in  the  Octave  field,  Venango 
County,  was  discovered  by  successful  completion 
of  the  M.A.T.  Oil  and  Gas  Exploration  #1  Schneider 
well  at  5,428  feet.  The  well  had  a reported  open  How 
of  1,800  Mcfgpd.  Quaker  State  Corporation  dis- 
covered the  Rumbaugh  pool  in  the  Pithole-Cashup 
field,  Venango  County.  The  #1  Holst  well  was  com- 
pleted at  5,995  feet  with  an  open  flow  of  1,000 
Mcfgpd.  Quaker  State  also  discovered  the  Grand- 
view pool  in  the  Oil  City-Rouseville  field,  Venango 
County,  upon  completion  of  the  #1  Hedley  well  at 
6,168  feet.  The  reported  open  flow  in  this  well  was 
1,200  Mcfgpd.  The  Turn  Hill  pool  in  the  Picadilli 
field,  Warren  County,  was  discovered  by  Univer- 


sal Resources  Holdings  by  successful  completion  of 
the  ft  1 Thomas  Unit  well.  The  Medina  reservoir 
sandstones  were  treated  at  4,995  feet  for  an  open 
flow  of  400  Mcfgpd.  The  only  Medina  discovery 
well  reported  in  1989  that  was  not  a deeper  pool 
discovery  in  old,  established  oil  fields  was  the  dis- 
covery well  for  the  Horn  Siding  pool  in  the  Co- 
lumbus field,  Warren  County.  This  new  pool  was 
discovered  by  Doran  and  Associates  upon  comple- 
tion of  the  #6  Gillett  well  at  4,709  feet.  The  open 
flow  was  reported  to  be  372  Mcfgpd.  The  most 
significant  Medina  exploratory  wells,  however,  were 
not  discovery  wells.  Two  wells  drilled  by  Cabot  Oil 
and  Gas  Corporation  were  unsuccessful  attempts 
at  extending  the  known  eastern  limits  of  Medina 
production  from  western  Warren  County  into  west- 
ern McKean  County.  Details  of  these  wells  are 
shown  in  Figures  27  and  29. 

A well  drilled  in  Armstrong  County  to  test  the 
Medina-equivalent  Tuscarora  Sandstone  was  re- 
ported during  the  year.  The  Wilmoth  Interests  #1 
Snyder  well,  a deeper  pool  test  in  the  Foster  Mills 
field,  was  actually  completed  in  1986,  but  the  record 
only  arrived  in  1989,  presumably  because  the  well 
was  being  evaluated.  Wilmoth  Interests  has  been 
notable  the  last  five  years  for  drilling  “unusual” 
deep  wells  in  established  shallow  fields.  In  previous 
years,  the  company  completed  a test  of  the  Ridgeley 
near  the  famous  “Oriskany  no-sand  area”  pinch- 
out,  and  discovered  a new  reservoir,  the  Tully  Lime- 
stone, in  a well  having  multiple  sidetracks.  Both  of 
these  wells  were  in  Butler  County. 

Atlas  Resources  drilled  two  Cambrian  test  wells 
in  western  Mercer  County,  in  the  established  Green- 
field Medina  field  near  Sharon.  The  tt\  Lark  well 
was  drilled  to  the  Gatesburg  Formation  at  8,754 
feet,  but  was  plugged  back  to  the  Medina  without 
treatment.  The  well  was  subsequently  treated  in  the 
Medina  and  is  producing  gas.  The  #7  Horvath  well 
was  drilled  to  the  Gatesburg  at  8,869  feet.  Atlas 
Resources  attempted  to  stimulate  the  Upper  Sandy 
Member  of  the  Gatesburg  (equivalent  to  the  Rose 
Run  sand  of  eastern  Ohio)  in  this  well,  but  the  at- 
tempt failed  to  produce  any  hydrocarbons.  This  well 
was  also  plugged  back,  treated  in  the  Medina,  and 
turned  into  line  as  a development  well. 

The  only  well  reported  during  the  year  from  east 
of  the  Plateau  area  was  the  Columbia  Natural  Re- 
sources #1  Ream  well  near  Schellsburg  in  Bedford 
County.  This  “Eastern  Overthrust  Belt”  well  was 
drilled  to  the  Middle  Silurian  McKenzie  Formation 
(partially  equivalent  to  the  Lockport  Dolomite  of 
western  Pennsylvania)  at  4,232  feet  before  being 
plugged  and  abandoned. 
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Figure  27.  Map  of  exploratory  wells  in  Pennsylvania  reported  in  1989. 


Figure  28.  Reported  new  field  and  new  pool  discoveries  in  Pennsylvania,  1989 
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'NFD,  new  field  discovery;  NPD,  new  pool  discovery;  DPD,  deeper  pool  discovery;  SPD,  shallower  pool  discovery. 
2(D),  Devonian;  (S),  Silurian;  (O),  Ordovician. 

3Mcf,  thousand  cubic  feet. 

'"'Production  not  reported. 
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(D),  Devonian;  (S),  Silurian;  (O),  Ordovician;  (C),  Cambrian. 

NFW,  new  field  wildcat;  NPW,  new  pool  wildcat;  DPT,  deeper  pool  test. 
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Figure  30.  Schematic  diagram  of  Upper  and  Middle  Devonian  stratigraphic  units  from  the  surface  and 
subsurface  of  western  Pennsylvania. 
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panies  may  explore  for  oil  and  gas  in  any  given  year 
by  using  aeromagnetic  and  gravity  sensing  devices, 
these  techniques  are  not  considered  particularly  use- 
ful in  Pennsylvania.  The  use  of  seismic  tools  is  ad- 
vantageous in  that  it  can  give  fair  to  excellent  indi- 
cations of  the  attitude  of  rocks  (whether  they  are 
folded,  faulted,  tilted,  or  flat  lying)  and  the  depths 
of  potential  hydrocarbon  reservoirs  by  measuring 
the  travel  time  for  vibrations  generated  at  the  sur- 
face to  reach  the  rock.  Mechanically  generated  seis- 
mic pulses,  especially  Vibroseis,  and  explosive  tech- 
niques, principally  dynamite,  are  the  most  widely 
used  in  Pennsylvania.  Seismic  work  is  typically  per- 
formed by  contracted  crews,  and  the  intensity  of 
activity  is  measured  in  crew-months. 

Seismic  activity  in  Pennsylvania  decreased  in 
1989,  down  50  percent  to  4.5  crew-months  from  the 
9 crew-months  reported  in  1988.  Activity  reportedly 
involved  about  67  percent  dynamite  and  33  percent 
Vibroseis.  Oil  and  gas  companies  and  service  orga- 
nizations engaged  in  seismic  activity  in  Pennsylvania 
in  1989  included  CNG  Development  Company,  Co- 
lumbia Natural  Resources,  Mitchell  Energy  Corpo- 
ration, Quaker  State  Corporation,  and  Summit  En- 
ergy Corporation.  These  companies  ran  surveys  in 
Armstrong,  Clarion,  Crawford,  Erie,  Fayette,  In- 
diana, Lycoming,  Somerset,  and  Tioga  Counties. 


ACTIVITIES  ON  STATE  FOREST 
AND  PARK  LANDS 
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Figure  31 . Generalized  diagram  of  the  major 
deep  (Tully  or  deeper)  formations  oc- 
curring in  the  subsurface  of  western 
Pennsylvania. 


GEOPHYSICAL  ACTIVITY  IN 
PENNSYLVANIA 

The  seismograph  is  the  principal  nondrilling  ex- 
ploratory tool  used  in  Pennsylvania  for  the  explora- 
tion of  oil  and  gas.  Although  one  or  more  com- 


Total  income  received  from  oil  and  gas  activities 
on  Pennsylvania  State  Forest  and  Park  lands  dur- 
ing 1989  amounted  to  $4,778,248.48.  This  income 
was  produced  from  rentals,  including  bonuses  from 
lease  sales,  royalties,  gas  storage  rentals,  pipeline 
and  compressor  station  rentals,  and  seismic  sur- 
veys. Royalty  payments  for  the  year  amounted  to 
$2,707,610.01  for  7,411,349  Mcf  of  gas.  Rentals 
from  gas  storage  leases  totaled  $1,040,760.71,  and 
rentals  from  all  other  gas  and  oil  leases  totaled 
$1,001,464.47.  Other  income  for  seismic  surveys, 
pipeline  and  compressor  station  rentals,  and  mis- 
cellaneous rentals  totaled  $28,413.29. 

During  the  year,  13,049  acres  of  State  Forest  and 
Park  lands  was  offered  for  bid  for  oil  and  gas  ex- 
ploration in  four  tracts.  Of  this  total,  two  tracts 
comprising  7,377  acres  were  successfully  bid  and 
placed  under  lease  in  1989. 

At  the  end  of  1989,  a total  of  446,976  acres  of 
State  Forest  and  Park  lands  was  under  lease  for  oil 
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and  gas  exploration  and  development.  In  addition, 
the  state  has  another  104,247  acres  under  lease  for 
gas  storage  located  in  1 1 different  gas  storage  fields. 

PROJECTS  IN  PROGRESS  IN  1989, 
OIL  AND  GAS  GEOLOGY  DIVISION 

OIL  AND  GAS  BASE  MAPS 

The  Oil  and  Gas  Geology  Division  continues  to 
make  available  to  the  public  a series  of  7.5-minute 
oil  and  gas  base  maps.  The  series  covers  all  of  west- 
ern Pennsylvania’s  oil  and  gas  fields  and  the  areas 
of  central  and  eastern  Pennsylvania  where  explora- 
tory drilling  has  occurred.  The  series  is  accessible 
as  ozalid  (“blueline”)  reproductions  of  standard 
U.S.  Geological  Survey  7.5-minute  topographic 
maps  overprinted  with  well  symbols  and  identify- 
ing numbers.  The  topographic  portion  of  each  map 
is  subdued  so  that  the  well  information  stands  out, 
but  is  still  legible  on  a blueline  reproduction.  New 
well  information  is  added  periodically  during  up- 
dating of  the  map  series. 

Details  for  purchasing  base  maps  can  be  obtained 
by  contacting  the  Pennsylvania  Geological  Survey, 
Oil  and  Gas  Geology  Division,  121  South  Highland 
Avenue,  Pittsburgh,  PA  15206-3988,  telephone 
412-645-7057.  When  requesting  copies  of  the  maps, 
please  provide  the  7.5-minute  topographic  map 
name  of  each  map  desired.  Figure  32  shows  those 
parts  of  Pennsylvania  for  which  base-map  coverage 
is  available. 

GEOCHEMISTRY  OF  PETROLEUM  SOURCE 
ROCKS  IN  PENNSYLVANIA 

by  Christopher  D.  Laughrey 

The  Oil  and  Gas  Geology  Division  continued 
work  on  the  reconnaissance  geochemical  study  of 
petroleum  source  rocks  initiated  in  1987.  The  proj- 
ect is  scheduled  for  completion  in  1990.  In  the 
study,  petroleum  source  rocks  in  Pennsylvania  will 
be  identified  and  correlated  to  hydrocarbon  reser- 
voirs through  determinations  of  organic  content, 
kerogen  types,  stable  isotope  chemistry,  and  com- 
positions of  solvent-extractable  hydrocarbons  and 
nonhydrocarbons.  Thermal  maturities  will  be  deter- 
mined from  optical  and  physicochemical  properties 
of  kerogens  and  by  mathematical  modeling.  This 
regional  geochemical  study  should  prove  useful  in 
determining  the  patterns  of  hydrocarbon  generation 
and  migration  within  exploration  and  development 
areas  in  Pennsylvania.  Such  data  are  critical  to  the 
future  development  of  petroleum  reservoirs  in  the 


state’s  mature  fields,  and  to  the  discovery  of  new 
fields  in  unexplored  parts  of  Pennsylvania. 

PRELIMINARY  FEASIBILITY  STUDY  OF  THE 
COAL-BED  METHANE  RESOURCE  IN 
PENNSYLVANIA 

by  Antonette  K.  Markowski 

In  1989  the  Oil  and  Gas  Geology  Division  con- 
tinued a preliminary  study  of  the  feasibility  of  pro- 
ducing natural  gas  from  Pennsylvanian  coals  in  the 
western  half  of  the  state.  This  study  was  initiated 
in  1987  and  is  scheduled  for  completion  in  1990. 
The  general  objectives  of  the  study  are  to  identify 
the  potential  for  coal-bed  methane  production  and, 
assuming  that  this  potential  is  high,  to  (1)  identify 
key  areas  having  high  methane  content;  (2)  iden- 
tify possible  trends  of  high  methane  content;  (3)  cor- 
relate methane  content  within  various  coal  seams 
by  rank,  thickness,  and  burial  depth;  and  (4)  assess 
the  geologic  implications  of  coal-bed  methane  as  a 
supplemental  and/or  alternative  energy  source. 
Only  minor  work  has  been  conducted  on  this  little- 
known  but  valuable  natural  resource  in  Pennsyl- 
vania. Because  of  the  growing  interest  nationwide 
in  the  degasification  of  deep-lying  coals  having  high 
methane  content,  however,  this  project  should  pro- 
vide useful  information  on  coal-bed  methane  on  a 
regional  basis.  The  final  report  should  prove  inter- 
esting to  the  coal-mining  industry,  the  oil  and  gas 
industry,  academic  and  industrial  customers  using 
cogeneration  power  plants,  and  the  general  public. 


OPEN-FILE  REPORTS  AND  OTHER 
DATA  AVAILABLE 

The  following  reports  and  other  data  are  avail- 
able on  open  file  at  the  Pennsylvania  Geological 
Survey,  Oil  and  Gas  Geology  Division,  7th  Floor 
Highland  Building,  121  South  Highland  Avenue, 
Pittsburgh,  PA  15206-3988. 

Open- file 
report  no. 

1 Surface  to  Middle  Devonian  (Ononda- 
gan)  Stratigraphy,  Part  I (STOMDES), 
1972,  by  D.  R.  Kelley  and  W.  R. 
Wagner,  15  p. , 8 cross  sections,  vertical 
scale  1 inch  = 100  feet. 

2 Deep  Sand  Exploration  and  Gas  De- 
velopments in  Pennsylvania,  1989,  by 
L.  .1.  Balogh,  2 map  sheets,  scale 
1:250,000. 
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Figure  32.  Index  maps  of  available  (shaded)  7.5-minute  oil  and  gas  base  maps. 
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Figure  32.  (Continued). 


38 


OIL  AND  GAS  DEVELOPMENTS  IN  1989 


X 

>, 

O 

C 

UJ 

00 

cr 

UJ 

V 

A ^ 
' \ ' 

^ V < 

5 

UJ 

z 

*0, 

-X 

X 

X 

v s 

__  \X  _i 

x -\  LU 

0 

m 

% 

X-' 

•iX 

\- 

/ 

-X? 

% 

X 

u % 

7 

V ' 

A 

Q 

V7X  < 

\ X -J 

) - 

v 

LU 

cr 

< 

< 

_j 

UJ 

Q 

VA 

“A 

; v 

\z^ 

o 

r 

_x 

A % 

\ 

X 

7>X 

CL 

X ^ 

XV 

<X 

"'X  \ 

XJ 

X 

\ X 
\ 

\ *8  s 

0£  % 

\ ^ H 
\ X 

X 

x 

X 

\ 

X 

,/* 

UJ 

syX 

o 

\/' 

X w 

%0C 

K 

X- 

X? 

X 

o\ 

X < 

%-X 

X ^ 

V/' 

X 

X 1 
X 

X / 

sx 

x 

X 

yty 

o 

d.% 

X 

Z °o 

X 

'X  v 
^ A 

r X ! 

\ UJ 

V\ 

AX 

X 

Xic 
St 
r ' 

/ %6  ^ 

\ 

X 

X> 

/ X 

X 

K.  X 

°x  X 

7 X 

ae: 

X LU 

X 

v*' 

X 

;X 

A % 

/ 

R B O 

X>\ 

X = 

LU 

X 

> 

"X 

X 

X 

X 

1 ++ 

\ X 
\ 

V CO 

X 

\ 

X 

XK 

\X,U 

V 

Pv  - 

- X/ 

X 

K 

°v 

X 

X 

a 

LU 

X 

\l 

\ 

X 

X;— 

; X 

1 V 

— t- — 
/ V 

X/ 

- X 

N. 

X 

CL 

W* 

X 

V 

/**» 

X*  ° 

— XX 

X' 

X 

% 

% 

t - - 

■X 

A 

w 

— 

% 

X 

-J  \ 

f^7» 

\ 

X 

X 

X 

> 

/'  \ 
X 

V 

- V 

°»» 

X 

\v 

w 

J X 
i — 

\-X\ 

A 

X 

X 

V 

A,  \ 

X 
\ 

x 

X 
/ \ 

X 

°7 

UJ 

f—  X 

\ 

X 

\ 

A-  % 

-X  '' 

« \ 
s 

"X 

V- 

I\ 

u % 

\ ^ 
i 

V 

7 

V' 

- \'N 
o 

X 

C/3 

< x 

V 

X 

>*r 

X 

i % 

i 

8 N 

.X 

C/3 

x 
\ ^ 
A 

X / 

, 'X 

f'  \ 

< \ 
CO 

\ x 

i \ 

X 
z X 

X 

Sx 

X 

x 

: X 

K-  V_ 

¥ N 

3a 

X 

\ 

X 

X 

/ X\ 

l/  X 

X 

X 

UJ 

J"v 

•X 

j X 

% 

% 

X 

x 

iK 

~ E < 
%L  J 

%,Oi 

O^W 

..  / flQ.  j 

V 

\ 

X 

X 

% \ 
V* 

X 

7 

u 

> 

\ 

X 

i 

XV 

X 

X- 

, \ 

Xx 

X 

X °- 

D 

% 

% 

X 

/%* 

A 

>X 

X 

X 

u 

I x 

X 

o' 

v 

% c* 

x 

x 

< 

•ft, 

'X  % Q 

X;y 

i \X 

X 

\ 

x 

*X 
K ^ 

N 

X 

V 

> 

x UJ 

* Sjc 
( %, 

\ \° 

— \ 

X 

r 

\ X 
\ 

A 

X' 

X 

X \ 

<V 

/vr 

v 

V 

X 

C^ 

A 

X 

v 

N x 

u\  _ 

\ > 

\ V 

JV  ' 

l 

% 

S 

\ 

O' 

x 

> 

X ^ 

X 

X 

Qi  'y 

A 

X 

\ 

X 

< X 

\ 

X, 

V 

% \ 

— 

V 

XX 

— / — 

x 

X is 

K 

X 

4 X 

X 

G \ 

UJ 

%„ 

N\ 

X 

< x 

X 

.uu 

X 

at  * 

V 

— \ -i 

V \ 

X \ 
z 

X - 

s-x  X 

\ “ 
V, 

xx 

'\  ^ 

o* 

V 

X 

•^v- 

X 

X. 

-V- 

' 

X 

X 

% 

% 

Z V 

\>J 

— — 4 

X j 

LU 

X 

' - 

\ 

\S 

Xu 

vx  • 

r~sV-X 

v-'' 

-X 

°v 

sN 

X 

— 



V 

X 

X 

°\ 

O'1* 

XI 

JXI 

X 

\ 

X 

\ 

X 

r-  

xx 

X 

X 

X 

* 

A 

- X 

\ 

_i 

X 

o 

CO 


5 

X. 


o 


>- 

00 


Q. 


00 

<£ 


~o 

(1) 

c 


c 

o 

U 


cs 

co 

CD 

i_ 

O 

O) 


00 


SUMMARIZED  RECORDS  OF  DEEP  WELLS 


39 


Open- file 
report  no. 

3 Salina  or  Equivalent  ancl  Deeper  Pene- 
trations of  Pennsylvania,  1973,  by 
D.  R.  Kelley  and  L.  J.  Balogh,  1 map, 
scale  1:500,000  (last  updated  in  1979). 

4 Tally  and  Deeper  Formations,  Brine 
Analysis  of  Pennsylvania,  1973,  by 
D.  R.  Kelley  and  others,  1 chart  and 
map,  scale  1:500,000. 

5 Stratigraphic  Framework  of  the  Greater 
Pittsburgh  Area,  Parts  I and  II,  1972, 
by  W.  R.  Wagner  and  W.  S.  Lytle, 
20  p.,  9 sections  in  13  sheets. 

6 Active  Gas  Storage  Areas  Map  of  Penn- 
sylvania, 1981,  by  L.  J.  Balogh,  1 map, 
scale  1:500,000  (updated  as  needed). 
Subsurface  Rock  Correlation  Diagram, 
Allegheny  Plateau,  Pennsylvania,  1979, 
by  J.  A.  Harper,  1 sheet. 

There  are  also  over  1 10,000  drillers’  records  and 
logs,  along  with  approximately  9,400  geophysical 
logs,  on  open  file  at  the  Pennsylvania  Geological 
Survey’s  Pittsburgh  office.  Approximately  44,000 
of  the  110,000  records  on  file  consist  of  well-data 
cards  compiled  by  the  U.S.  Geological  Survey  and 
the  Pennsylvania  Geological  Survey  between  1900 
and  1970  as  the  bases  for  topographic-map  quad- 
rangle reports.  In  addition,  the  Survey  has  a sam- 
ple library  containing  drill  cuttings  from  approxi- 
mately 1,200  wells,  and  a core  storage  library  con- 
taining cores  from  48  wells,  including  the  five  wells 
cored  under  the  Eastern  Gas  Shales  Program  of  the 
U.S.  Department  of  Energy.  All  cuttings  and  cores 
are  available  for  inspection  and  study. 

SUMMARIZED  RECORDS  OF 
REPORTED  DEEP  WELLS1  IN  1989 

by  Christopher  D.  Laughrey, 
Cheryl  L.  Cozart,  and  Rebecca  A.  Kilbert 

The  information  shown  in  Figure  34  was  com- 
piled mainly  from  drillers’  logs,  location  plats,  and 
geophysical  logs  received  from  the  Bureau  of  Oil 

'Wells  that  penetrate  rocks  of  Middle  Devonian  or  older  age. 


Figure  33.  Types  of  geophysical  logs  and 
abbreviations 


Caliper CAL 

Cement  bond  log CBL 

Continuous  directional CDR 

Compensated  density  log CDL 

Compensated  neutron  log  CNL 

Dipmeter DIP 

Dual  laterolog DLL 

Dual  induction  log DIL 

Electromagnetic  propagation EPT 

Fracture  identification  log FIL 

Gamma  ray GR 

Gamma-ray  spectralog GRSPECTAL 

Guard GD 

Induction  log IL 

Computer  interpretative INT 

Laterolog  LL 

Lithodensity  log LDT 

Merge MERGE 

Microspherically  focused  log MSFL 

Perforating  collar  log  PCL 

Sibilation S 

Sonic SON 

Temperature T 

3-D  velocity 3-D  VEL 

Radioactive  tracer TRACER 

Sidewall  neutron  porosity SNP 

Variable  density  log VDL 


and  Gas  Management,  as  well  as  personal  com- 
munication with  oil  and  gas  operators. 

Most  of  the  formation  tops  and  total  depths  re- 
corded in  Figure  34  were  picked  from  geophysical 
logs  of  many  varieties  (see  Figure  33  for  lists  of  these 
logs  and  their  abbreviations).  The  logs  received  for 
a particular  well  are  listed  in  Figure  34  along  with 
the  logged  interval.  If  the  box  for  geophysical  logs 
is  blank,  no  geophysical  logs  were  received,  and  for- 
mation picks  were  taken  directly  from  the  driller’s 
log.  For  some  wells,  only  a small  portion  of  a geo- 
physical log  was  submitted,  in  which  case  the  logged 
interval  was  noted  and  a combination  of  the  driller’s 
log  and  geophysical  log  was  used.  Records  are  listed 
in  Figure  34  alphabetically  by  county  and  numeri- 
cally by  permit  number. 


Figure  34.  Summarized  records  of  reported  deep  wells  in  1989  that  penetrated  rocks  of  Middle  Devonian  or  older  age. 
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Figure  34.  (Continued) 
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Figure  34.  (Continued). 
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Figure  34.  (Continued). 
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Figure  34.  (Continued). 
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Figure  34.  (Continued). 
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Figure  34.  (Continued). 
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Figure  34.  (Continued). 
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Figure  34.  (Continued). 
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Figure  34.  (Confirmed). 
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Figure  34.  (Continued) 
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Figure  34.  (Continued). 
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Figure  34.  (Continued). 
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Figure  34.  (Continued). 
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Figure  34.  (Continued). 
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Figure  34.  (Continued). 
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Figure  34.  (Continued). 
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Figure  34.  (Continued). 
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Figure  34.  (Continued). 
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